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responds to the stretching frequency of -OH bonds in water. The Raman
spectrum thus detects the same phenomena as does infrared spectroscopy,
but the relative intensities of bands measured by the two techniques differ.

Raman scattering is a weak phenomenon; before lasers offered power-
ful, monochromatic light, Raman was an effect observed rather than ex-
ploited. Until very recently, spectra often required hours to acquire, even
using lasers with several watts of power. A substantial limitation arises
from interference by photoluminescent impurities in the sample, generally
constraining Raman spectroscopy to longer wavelength lasers, even though
the strength of the scattering declines as the fourth power of the frequency
of the incident light.

At present, Raman spectroscopy for ocean measurements is limited by
the weakness of the phenomenon and the type of equipment required. Sea-
water exhibits background fluorescence due to dissolved organic solutes,
and thus sensitivity is further compromised. An especially important interferant
is chlorophyll, which fluoresces upon excitation with argon lasers.

Two variations of Raman spectroscopy offer substantial signal enhance-
ment. The first is resonance Raman spectroscopy, in which the intensity of
scattering is enhanced up to 106-fold, increasing the speed and selectivity of
this method. In some cases, the wavelength of excitation may be chosen to
maximize the enhancement of a particular component in a solution. A
second important Raman spectroscopic technique is surface-enhanced Raman
spectroscopy (Garrell, 1989). The strength of the signal is greatly enhanced
when the solute of interest becomes adsorbed to a metal surface such as
etched platinum. This technique has been combined with electrochemical
methods so that the adsorption of a solute, such as amino acids, proteins,
and other organic molecules, to the surface of an electrode is modulated by
electrical potential or redox reactions. This method can be exploited with
optical fibers and metal colloids and may ultimately offer the potential for
in situ applications. Other important new developments in Raman methods
include ultraviolet excitation and Fourier-transform Raman spectroscopy.
For examination of particles, molecular orbital laser excitation, coupling
laser-Raman with scanning electron microscopy, was developed.

Finally, the introduction of new detectors, such as diode arrays and
charge-coupled devices (CCDs), has been a boon for Raman spectroscopy.
CCDs permit the accumulation of light in the manner of photographic film;
additionally, their noise level is lower than that of the photomultiplier tube.
In addition, by combining CCDs or diode arrays with optical dispersive
elements, entire spectra may be collected in fractions of a second.

Recent work by Angel and Myrick (1990) suggests that certain con-
taminants might be monitored by Raman spectroscopy in situ through opti-
cal fibers, but the above caveats still remain. The depths accessible would
be limited mainly by optical loss in the fiber. The use of the fiber permits